An unstable anthraquinone was isolated from hairy root cultures of Sesamum indicum after preventing light throughout all experimental procedures. The structure of the (Z)-isomer of a previously isolated anthraquinone was determined to be 2-[(Z)-4-methylpenta-1,3-dien-1-yl]anthraquinone by spectroscopic methods. This compound was readily isomerized to the known (E)-isomer under light.
Sesamum indicum L. (Pedaliaceae) is one of the oldest cultivated oilseed plants. We have recently found that the roots of S. indicum produced seven unusual anthraquinones having C 6 side chains at C-2 in the anthraquinone ring (compounds 2-8). 1, 2) In particular, anthrasesamone C (6) was a chlorine-containing anthraquinone which is a rare metabolite in higher plants. [3] [4] [5] 2-(4-Methylpent-3-en-1-yl)anthraquinone (MPAQ, 3) and 2-[(E)-4-methylpenta-1,3-dien-1-yl]anthraquinone [(E)-MPDEAQ, 2] have also been isolated from the hairy roots of S. indicum by Ogasawara et al., 6) and MPAQ (3) and anthrasesamones A-C (4-6) in our previous study. 7) During our further search for metabolites biogenetically related to these anthraquinones, we found that S. indicum hairy roots produced an anthraquinone which was unstable to irradiation by light. In this paper, we report the isolation and structural elucidation of
, a cis-isomer of 2. We also describe the artificial isomerization of (Z)-MPDEAQ (1) to (E)-MPDEAQ (2) by light.
To obtain actual metabolites produced by S. indicum hairy roots, all experimental procedures were carried out in the dark or in dim light, because some quinone derivatives are labile to light and require storage and handling in the dark. Compound 1 was isolated after several chromatographic separations from the CH 2 Cl 2 -soluble fraction as described in the Experimental section. On the other hand, compound 2 has been isolated under normal room light and temperature conditions. Compound 2, however, was not detected by HPLC in the methanol extract of lyophilized hairy roots carefully treated under dark conditions. These facts suggest that 1 was transformed to 2 during extraction and isolation procedures in the light.
The HR-EIMS and 13 C-NMR spectral data for compound 1 showed its molecular formula to be C 20 H 16 O 2 , identical with that of (E)-MPDEAQ (2). The 1 H-and 13 C-NMR data (Table 1) for compound 1, as well as its UV-vis and IR absorption bands, were similar to those of 2.
6) The 1 H-NMR spectrum of 1 revealed a 6H methyl signal at H 1.87, and three vinyl methine signals at H 6.37, 6.38 and 6.62, suggesting the presence of a 4-methylpenta-1,3-dienyl side chain in 1. Table 1 . Therefore, the structure of compound 1 was determined to be 2-
To confirm the artificial photoisomerization of (Z)-MPDEAQ (1) by light and to accurately identify the converted product, we conducted a direct conversion experiment with its NMR sample in CDCl 3 . When 1 (98% isomeric purity) was irradiated by light, the (Z)-isomer (1) was converted to the (E)-isomer (2) without any marked decomposition, the isomeric ratio of (Z)- (1) and (E)-isomer (2) being shifted to 16:84 in 1 d and to 6:94 in 2 d. Moreover, the instability of (Z)-isomer (1) in MeOH, which was most frequently used as a solvent for the isolation of 1, was investigated under light and dark conditions at room temperature. The isomeric ratio (Z:E) of 1 exposed to light changed to 71:29 in 2 h and to 6:94 in 24 h, all other peaks, except for 1 and 2, not being detected. As expected, no change was apparent under dark conditions.
Our present study demonstrated that (Z)-MPDEAQ (1) was easily isomerized to its (E)-isomer (2) during the extraction and isolation procedures under normal experimental conditions. In addition, the artificial isomerization from unstable (2Z,4E)-xanthoxin, a precursor of phytohormone abscisic acid, to the stable (2E,4E)-isomer, and the isomeric composition of natural xanthoxin exclusively shifted to the (2Z,4E)-isomer have been reported. 8) Thus, the actual biosynthetic product of MPDEAQ most probably was the (Z)-isomer (1), which would be biosynthesized through the formation of anthraquinone 3 from geranylnaphthoquinone 7) and subsequent dehydrogenation of a C 6 side chain in 3.
Experimental General. NMR spectra were recorded with a Jeol JNM-A400 FT NMR spectrometer at 400 MHz for 1 H and at 100.4 MHz for 13 C. All NMR chemical shifts were referenced to CDCl 3 ( H 7.24, C 77.0). Mass spectra were obtained with a Jeol JMS-SX102AQQ hybrid mass spectrometer. UV-vis spectrum was measured with a Shimadzu UV-1600 UV-visible spectrophotometer, and IR spectrum with a Jasco FT/IR-670 Plus spectrometer.
Plant material and culture method. Hairy roots of Sesamum indicum L. were induced by direct infection of axenic seedlings with Agrobacterium rhizogenes ATCC 15834. 7, 9) The bacteria were eliminated on a phytohormone-free and half-strength Murashige-Skoog (1/2 MS) solid medium 10) supplemented with 3% sucrose, 0.4% Gelrite and 0.05% carbenicillin. The hairy roots (clone SI-37) were subcultured in a phytohormone-free B5 liquid medium 11) containing 2% sucrose (pH 6.1) at 25 C on a rotary shaker at 80 rpm in the dark at intervals of 14 d. To produce the anthraquinone derivatives, the excised roots (ca. 0.3 g fr. wt.) were grown in a 200-ml conical flask containing 100 ml of the B5 liquid medium at 28 C on a rotary shaker (60 rpm) in the dark.
Extraction and isolation. All subsequent procedures were conducted in the dark or in dim light, unless otherwise stated. The hairy roots and secreted metabolites were separated from the medium ð100 ml Â 40Þ by gravity filtration with filter paper (No. 2, Advantec) 4 weeks after inoculation. The lyophilized hairy roots (23.6 g) and filter papers were sonicated for 30 min in MeOH ð450 ml Â 4Þ, and the MeOH solution obtained was evaporated to dryness. The residue (9.5 g) was partitioned between CH 2 Cl 2 ð200 ml Â 4Þ and water (400 ml) to give the CH 2 Cl 2 -soluble fraction (5.5 g). This fraction was subjected to silica gel column chromatography, using stepwise elution with acetonehexane containing 0.1% AcOH. The fractions (145 mg) eluted with 5% and 10% acetone in hexane were purified by Sephadex LH-20 column chromatography, with MeOH-CH 2 Cl 2 (1:1) used as the solvent. The fractions (33 mg) containing compound 1 were further purified by reversed-phase column chromatography (Cosmosil 140C 18 -PREP; MeOH-AcOH, 100:0.1) and preparative HPLC (Cosmosil 5C 18 , 10 Â 250 mm; 254 nm) with MeOH-AcOH (100:0.2; 1.2 ml/min) as the solvent to afford 1 (5 mg). Compound 2 (4 mg) was extracted and isolated by a similar method to that used for 1, Isomerization of 1. A cool-white fluorescent lamp (18 W, 1,000-1,500 lx) was employed to irradiate 1 at room temperature (ca. 25 C). An NMR sample of 1 in CDCl 3 (3.3 mg/0.8 ml; NMR tube of 5 mm I.D.) was irradiated with the lamp, and then the isomeric ratio was estimated by comparing the peak areas of the H-2 0 signal in 1 and the H-1 0 signal in 2. A solution of 1 in MeOH (ca. 2 mg/l; 1 ml in a 2-ml glass vessel) was allowed to stand under the lamp or in the dark. Each sample was analyzed by HPLC (Cosmosil 5C 18 -MS, 4:6 Â 150 mm; MeOH-H 2 O, 9:1; 0.5 ml/min; 254 nm); 1: t R 14.5 min, 2: t R 16.1 min.
